Objective: This study seeks to verify whether the regular consumption of small amounts of tomato products can protect lymphocyte DNA and lipids from oxidative damage. Design: Standardized dietary intervention. Subjects: Twelve healthy female subjects (mean age 25.2 y). Intervention: Subjects were instructed to follow a standardized diet for 1 week, followed by 3 weeks consumption of the same diet enriched with small amounts of different tomato products providing as a mean 8 mg lycopene, 0.5 mg b-carotene and 11 mg vitamin C per day. Plasma and lymphocyte concentrations of carotenoids, vitamin C and vitamin E were analysed. Ex vivo protection of lymphocyte DNA from oxidative injury produced by iron ions was evaluated by means of the Comet assay, and lipid peroxidation by HPLC analysis of malondialdehyde (MDA). Results: Dietary intervention with tomato products increased lycopene concentration both in plasma (Po0.001) and lymphocytes (Po0.01). Vitamin C concentrations increased by B35% in plasma (Po0.05) and by B230% in lymphocytes (Po0.005). Vitamin E decreased significantly in plasma (Po0.0001) but not in lymphocytes. Finally, there was an improved protection from DNA oxidative damage (Po0.05) with no significant effect on MDA levels. Conclusions: Our results suggest that tomato products are not only good sources of lycopene but also sources of bioavailable vitamin C. A Regular intake of small amounts of tomato products can increase cell protection from DNA damage induced by oxidant species. This effect may originate from the synergism of different antioxidants present in tomatoes.
Introduction
Several studies suggest that tomato consumption reduces the risk of chronic diseases such as cardiovascular disease and cancer (Weisburger, 2002; Willcox et al, 2003) . Intervention studies with different tomato products demonstrate increased protection from oxidative stress, as evaluated by analysing different variables (eg DNA damage and lipid peroxidation). This protective action is typically attributed to the tomato antioxidant lycopene. However, tomato products are also sources of other compounds with healthful properties, such as other carotenoids, flavonoids and vitamin C (Riso & Porrini, 2001) . Despite the difficulty in ascertaining the specific contribution of individual compounds in whole food, investigation of the mechanisms by which food components physiologically act and interact is extremely important. Further, bioavailability studies of active compounds present in protective foods are useful in determining the optimum intakes and plasma concentrations that induce tissue activity or protection.
We have previously demonstrated that eating small amounts of tomato puree (25 g/day) for 2 weeks increases lycopene concentrations in both plasma and lymphocytes. Such enrichment protected lymphocytes from oxidative stress induced ex vivo by H 2 O 2 (Porrini & Riso, 2000) . Tomato puree is a known source of highly bioavailable lycopene, containing more of the antioxidant than raw tomato (Riso & Porrini, 2001) ; however, raw tomatoes and tomato sauces are more frequently consumed in most Mediterranean countries.
We performed an intervention study to evaluate the effects of the daily consumption of a small amount of different tomato products on antioxidant concentrations (carotenoids, vitamin C, vitamin E) and lymphocyte protection from oxidative stress. Because several studies have demonstrated a protective effect of tomato products towards H 2 O 2 -induced damage, we challenged lymphocytes ex vivo with iron ions and evaluated the protective effects of diet by analysing DNA damage and lipid peroxidation in lymphocytes.
Subjects and methods

Subjects
A total of 12 healthy, young women were selected by the following criteria: (1) no history of cardiovascular, renal, hepatic or gastrointestinal disease, (2) not pregnant, (3) not smoking and (4) not having taken dietary supplements or drugs. Subjects who did not eat fruit and vegetables and those who adhered to a vegetarian, macrobiotic or other alternative diets were excluded from participation. The mean age was 25.274.3 y (mean7s.d.), and BMI was within normal range (20.671.8 kg/m 2 , mean7s.d.). All the subjects gave written informed consent before participation. The protocol was approved by the Local Ethical Committee.
Study design
The experimental protocol is described in Figure 1 . Subjects enrolled for the study were instructed to follow a 'basal diet' low in carotenoids (o 600 mg/day) and free from tomato products for 1 week (t ¼ À7). This basal diet was also controlled for vitamin C intake, which approximated Italian recommended values. The daily menu consisted of (1) standard breakfast, (2) lunch with a first course and a second course taken from a list of permitted foods, together with a fixed portion of a specific vegetable (lettuce, potato, eggplant, etc.) and a specific fruit (apple, banana, pear, etc.), and (3) dinner, consisting of a first course and a second course and without fruit and vegetables. The basal diet was also followed during the experimental period, which lasted 3 weeks, but this time subjects were instructed to consume a tomato product daily, according to typical Italian dietary habits (nearly daily consumption of tomato products). Tomato sauce, tomato puree and raw tomatoes were consumed with a specific frequency per week, as shown in Figure 1 (raw tomato twice, tomato sauce three times and tomato paste twice). Each product was eaten with 10 g of extra virgin olive oil.
Blood samples
Fasting blood samples were drawn into Vacutainerst containing lithium-heparin as the anticoagulant at t ¼ À7, 0 and 21. Plasma was obtained by centrifugation at 800 Â g for 15 min. Samples were stored at À801C for no longer than 2 months. Lymphocytes were separated by centrifuging 10 ml whole blood (400 Â g, 30 min) by density gradient separation with Histopaque 1077 (Sigma Chemical Co. St Louis). The lymphocyte layer was removed from the gradient, washed with PBS, recovered in 1 ml of PBS, and stored at À801C.
Carotenoids in foods and biological samples Food samples. Extraction of carotenoids from tomato sauce (10 g), tomato paste (3 g) and raw tomatoes (20 g) was performed according to the method of Riso and Porrini (1997) . Briefly, homogenized samples were extracted by THF and methanol, followed by separation in petroleum ether and water. To quantify carotenoid content, the extract was dried and then dissolved in the mobile phase for HPLC (Riso & Porrini, 1997) .
Plasma. Carotenoid extraction was performed in duplicate on 100 ml plasma previously separated from blood samples (by centrifugation at 1000 Â g for 10 min). Plasma samples were added to 100 ml ethanol containing echinenone as an internal standard, as this carotenoid is generally present in sea urchins but not in other foods and plasma. After vortexing for about 1 min, 200 ml of hexane was added to extract carotenoids. The supernatant phase (150 ml), obtained after centrifuging samples at 1000 Â g for 5 min, was evaporated under N 2 and dissolved in 100 ml eluent for HPLC analysis. Tomato-enriched diet and antioxidant protection P Riso et al Lymphocyte. Lymphocyte cell membranes were lysed by adding 1 ml Triton 1% (Sigma Chemical) by sonicating (Sonoplus, model UW 2070, Bandelin, Berlin, Germany) for 20 s (five cycles, 40% power) on ice. Subsequently, 1 ml of ethanol (containing echinenone as the internal standard) and 2 ml of hexane were added. After vortexing for 1 min, the organic layer was separated, dried under N 2 and solubilized in 100 ml of the HPLC mobile phase for the carotenoid analysis. Carotenoid concentrations were expressed as nmol carotenoid/mg protein measured in the cell extract using the Bradford assay (Bradford, 1976 ). An example of separation of carotenoids in lymphocytes is reported in Figure 2. HPLC analysis of carotenoids. Carotenoid HPLC analysis was performed as previously described (Riso & Porrini, 1997) by using a 5 mm Vydac 201 TP 54 C 18 column (250 Â 4.6 mm, i.d. ) fitted with a C 18 guard column and biocompatible frits. The eluent consisted of methanol:THF (95:5), and the flow rate was 1 ml/min. Visible detection was achieved at 445 nm (UV-VIS detector Varian 2010). Recovery was between 90% and 100%.
Carotenoid concentrations were calculated by means of a mix of standards containing lutein, zeaxanthin, b-cryptoxanthin (Hoffman-La Roche, Basel, Switzerland), a-carotene and b-carotene (Sigma Chemical), while lycopene (Sigma Chemical) was prepared daily (to avoid degradation) and injected separately. Data were corrected by recovery of the internal standard.
Vitamin C in foods and biological samples Foods. In all, 5 g of a homogenized sample of raw tomato, 4 g tomato sauce and 8 g tomato paste were dissolved in a metaphosphoric acid (MPA) solution (0.3%) and mixed for 10 min. To deposit solids, samples were centrifuged prior to HPLC analysis.
Plasma. Vitamin C was extracted in duplicate from 100 ml plasma supplemented with 100 ml of solution (extraction buffer 10% MPA, 0.54 mmol/l Na 2 EDTA). After vortexing for 1 min, samples were centrifuged at 800 Â g for 2 min. In all, 50 ml supernatant was diluted with 950 ml of a buffer containing 5% MPA and 0.54 mmol/l Na 2 EDTA. Samples were stored at À801C for no longer than 2 months. Prior to HPLC analysis, samples were further centrifuged to remove particulates.
Lymphocytes. Blood samples (100 ml in duplicate) were diluted with 900 ml RPMI 1640 medium (Sigma Chemical) and cells were separated by density gradient centrifugation in 100 ml Histopaque 1077 (Sigma Chemical) for 4 min. Duplicate cell samples were drawn, washed with PBS, centrifuged, and the pellet suspended in 50 ml PBS. From each sample an aliquot was used for protein quantitation. A total of 40 ml samples of cells were diluted with 300 ml buffer containing 5% MPA and 0.54 mmol/l Na 2 EDTA, mixed for 2 min, and stored at À801C until HPLC analysis.
HPLC analysis. The HPLC system consisted of a model 2695 system pump (Waters, Milford, MA) connected to a Coulochem II equipped with a model 5011 cell (ESA, Chelmsford, MA) and a Millenium Work station (Waters). An Aminex Fast Acid column (100 Â 7.8 mm id; Bio-Rad Labs, Hercules, CA, USA) was used. Samples were eluted (0.8 ml/min) with a mobile phase of 2 mmol/l sulphuric acid. Chromatograms were generated under the following condition: guard cell at þ 800 mV, control cell at 0 mV and analytical cell at þ 500 mV. The sample injection volume was 50 ml. Vitamin C standards (Sigma Chemical) in MPA buffer in the ranges 0.01-0.1 mg/ml and 0.1-1.0 mg/ml were prepared daily for lymphocyte and plasma analysis.
Vitamin E analysis
Vitamin E analysis was performed following a previously published method (Vuilleumier et al, 1983 ) with minor modification. Tomato-enriched diet and antioxidant protection P Riso et al Plasma. Vitamin E was extracted from 100 ml plasma in a solution of 100 ml water and 200 ml ethanol. After vortexing for 2 min, 400 ml hexane was added, and the solution was mixed for 2 min, followed by centrifugation at 760 Â g for 10 min. The supernatant was collected and stored at À801C.
Lymphocytes. Lymphocytes were separated from 2 ml blood samples with the same method previously reported for carotenoid analysis (above). After sonication of the samples, 50 ml were drawn for subsequent protein analysis (Bradford, 1976) , and the remaining sample was extracted with 1 ml ethanol and 2 ml hexane, followed by vortexing. After centrifugation, the organic layer was withdrawn and stored at À801C.
HPLC analysis. The chromatographic system consisted of a Varian 9010 pump, an autosampler Waters 715 Ultra Wisp, and a Perkin Elmer LC 240 fluorimeter with operative conditions set at 290 nm (exitation) and 330 nm (emission).
The column used was a Lichospher S160 mm (250 Â 4.6 mm) with a guard column Lichospher S160 mm (4 Â 4 mm). The eluent consisted of hexane/ethyl acetate (1000:75) at a flow rate of 2.0 ml/min. Sample injection volume was 100 ml. Standard solutions were prepared using Merck standard diluted in hexane. Calibration curves were obtained daily before sample analysis by injecting increasing amounts of the standards in the range 0.5-5.0 mg/ml.
DNA damage
The resistance of lymphocyte DNA against oxidative stress was evaluated by means of the Comet assay as previously reported in detail (Riso et al, 1999a) . Briefly, separation of the cells was performed on 70 ml whole blood by density gradient centrifugation. Separated cells were fixed with agarose on fully frosted microscope slides (Richardson Supply Co. London, UK). For each subject, two slides were subjected to an oxidative treatment (500 mmol/l Fe 2 þ as Fe 2 SO 4 in HEPES buffer for 15 min), while other slides served as controls (HEPES buffer for 15 min). Following treatment, slides were incubated in cold lysis buffer for 1 h at 41C in the dark and then in fresh alkaline electrophoresis buffer in a horizontal electrophoresis tank (Scotlab, Coatbridge, UK) for 40 min, followed by 20 min electrophoresis (25 V, 300 mA). Slides were subsequently neutralized, stained with ethidium bromide (2 mg/ml, in neutralizing buffer), washed with PBS, drained, and covered with coverslips. DNA damage was visualized under an epifluorescence microscope (BX60; Olympus Italia, Milan, Italy) attached to a high-sensitivity CCD video-camera (Variocam; PCO Computer Optics, Kelheim, Germany) and to a computer provided with an image analysis system. A total of 100 cells for each slide were electronically captured and analysed for fluorescence intensity. Damaged DNA is recognized as a fluorescent core followed by a tail, which is due to electrophoretic migration of fragments away from the core. DNA damage was calculated as percentage DNA in tail. For each subject, percentage DNA in tail of control cells was subtracted from the treated percentage DNA in tail of control cells.
Lipid peroxidation
In order to verify lymphocyte resistance from lipid oxidation, malondialdehyde (MDA) production following an ex vivo treatment with 100 mmol/l Fe 2 þ solution was analysed by HPLC with the method by Nielsen et al (1997) and a previously developed protocol (Erba et al, 2003) . Cells isolated from 3 ml of whole blood by density gradient centrifugation were randomly divided into control (C) and oxidized (OX) cells. The latter were subjected to oxidative treatment with 100 mmol/l Fe 2 þ (as FeSO 4 ) for 15 min at 371C. At the end of the incubation, cells were washed twice with PBS, centrifuged, suspended in 0.5 ml PBS and finally stored at À801C. Control samples were prepared with a higher amount of cells in order to detect the low MDA concentrations expected in untreated cells. The extraction of MDA was performed after thawing the samples and sonicating for 20 s (5 cycle, 40% power) on ice. An aliquot of the sample was used for protein analysis (Bradford, 1976) , and the remaining was used for the subsequent analysis.
MDA was measured by the reaction with thiobarbituric acid (TBA), and then the adduct (MDA-TBA 2 ) was separated by HPLC. Results were expressed as ng MDA/mg protein.
A calibration curve of tetramethoxypropane (0.5, 1 and 2 mmol/l) was used as a standard. The HPLC system consisted of a Waters 501 pump, a UV-VIS spectrophotometer (Waters 486) and a C 18 Lichosper 5 mm column (4 Â 4 mm, Merck). The mobile phase was 10 mmol/l phosphate buffer (pH 6.8): methanol (60:40), and the flow 0.5 ml/min. Samples (50 ml) were injected for analysis at 486 nm.
Statistical analysis
Statistical analyses were performed with STATISTICA software (Statsoft Inc., Tulsa, OK). A one-way analysis of variance (ANOVA) was used to investigate the effect of tomato enrichment on the variables under study. Differences between means were further evaluated by the least significant difference test. Differences were considered significant at Po0.05.
Results
In Table 1 , the amount of the main carotenoids and vitamin C provided by the tomato products is reported. On a weekly base, the mean daily consumption was about 8 mg lycopene, 0.5 mg b-carotene and 11 mg vitamin C.
Tomato-enriched diet and antioxidant protection P Riso et al
Antioxidant concentrations
In Table 2 , characteristics of volunteers at recruitment (t ¼ À7) are reported. Basal concentrations of the main antioxidants considered in plasma and lymphocytes are shown, together with the resistance from oxidative stress evaluated as DNA damage and MDA production. After the first week of controlled diet (t ¼ 0), carotenoid concentrations (apart from a-carotene, generally present in a very low amount) and vitamin C concentration decreased significantly in plasma (Po0.05), while no difference in vitamin E concentration was observed (Table 3) .
Plasma and lymphocyte carotenoid concentrations before and after tomato intervention are reported in Table 3 . After the 3-week tomato diet, there was a significant decrease in plasma lutein, zeaxanthin and b-cryptoxanthin concentrations (Po0.01) probably due to the standard diet low in carotenoids. Lycopene concentration, however, increased significantly (Po0.001) by about 53% of initial values.
Analysis of lymphocyte carotenoid concentrations showed a slight decrease (between 10% and 30%) that was significant only for zeaxanthin (Po0.01) and b-cryptoxanthin (Po0.05). Lymphocyte lycopene concentration increased significantly (Po0.01) by about 73%.
Vitamin C concentration (Table 3 ) increased significantly after tomato enrichment both in plasma (Po0.05) and in lymphocytes (Po0.005). Despite variability in subject responses, vitamin C concentrations increased by about 35% in plasma and by about 230% in lymphocytes. Therefore, most of the subjects increased their concentrations of vitamin C 3-4 times. Another interesting consideration is that, after the tomato diet, both plasma vitamin C and lycopene concentrations reached values comparable with the basal ones (t ¼ À7).
In Table 3 , the concentrations of vitamin E registered in plasma and lymphocytes are also reported. Following the 3-week tomato-enriched diet, vitamin E concentration de- Tomato-enriched diet and antioxidant protection P Riso et al creased significantly (Po0.0001) in plasma by about 30%, but lymphocyte concentration remained nearly constant.
DNA damage
In Figure 3 , we report lymphocyte DNA damage, registered before and after tomato consumption and evaluated after the treatment of the cells with Fe 2 þ . The tomato diet reduced DNA damage by about 24% (Po0.05), approaching basal values (t ¼ À7).
Lipid damage
The MDA concentration in lymphocytes after the oxidative treatment and determined before and after the 3-week tomato consumption is reported in Figure 4 . There was a mean trend towards a decrease in MDA levels (B20%) after the intervention; however, this decrease was not significant, probably due to the high variability in the response. It is important to underline that all subjects produced MDA; however, there was a high variability in the amount produced.
Discussion
The results of this study confirm that the daily consumption of small amounts of tomato products improves the resistance to oxidative stress. The protective effect was shown after the consumption of products with different carotenoid bioavailability, such as tomato puree, raw tomato and tomato sauce (Gartner et al, 1997; Porrini et al, 1998) . Tomato enrichment also caused an increase in vitamin C concentration in plasma and in lymphocytes, suggesting that tomato products are sources of bioavailable ascorbate and that their contribution to total vitamin C intake is not negligible. During the experimental period, subjects had a controlled intake of the vitamin that was comparable to the daily recommendation intake (60 mg/day) for the Italian population (Società Italiana di Nutrizione Umana, 1996). The higher increase in the concentration of vitamin C in lymphocytes ( þ 236%) with respect to plasma ( þ 35%) is not surprising, given that vitamin C is actively transported inside such cells where it reaches concentrations 20-100-fold higher than in blood (Padayatty et al, 2003) . Lycopene concentrations also increased significantly in plasma (B53%) and lymphocytes (B72%), as demonstrated in a previous study (Porrini & Riso, 2000) . The lower increase measured in the present study might be due either to the use of different tomato products or to higher basal levels recorded in volunteers. In fact, both licopene and vitamin C plasma concentrations after the tomato diet reached again basal levels. The importance of initial concentrations on subsequent carotenoid fluctuation was recently demonstrated when carotenoid deprivation for 7 weeks subsequently led to a great increase in lymphocyte uptake of lycopene from tomato (Porrini et al, 2002) .
Limited literature is available on the intracellular concentrations of carotenoids, namely lycopene, even if this is very important for understanding the impact of antioxidant compounds on tissue activity. Several data have been published on carotenoid uptake by lymphocytes (Fotouhi et al, 1996; Porrini & Riso, 2000; Porrini et al, 2002) and buccal mucosal cells (Borel et al, 1998; Paetau et al, 1999) . Paetau et al (Paetau et al, 1999) showed an B50% increase (from 2.05 to 4.95 mg/g protein) in lycopene concentration within buccal mucosal cells after tomato oleoresin (about 75 mg/day lycopene for 4 weeks) but not after tomato juice consumption, suggesting that the latter provides low bioavailable lycopene. In our study, intracellular enrichment was similar to that observed by Paetau et al (1999) after dietary enrichment with tomato oleoresin.
Several studies have shown carotenoid concentrations in cells obtained from tissue biopsies (Chen et al, 2001 ; El Tomato-enriched diet and antioxidant protection P Riso et al Sohemy et al, 2002 ). An interesting report was published by Chen et al (2001) , in which 32 patients with localized prostate adenocarcinoma consumed tomato sauce-based pasta dishes for 3 weeks (30 mg lycopene/day) before radical prostatectomy. Following the dietary intervention, lycopene concentration in serum doubled and in prostate tissue increased from 0.28 to 0.82 nmol/g. It is also noteworthy that Chen et al (2001) found lower oxidative DNA damage both in prostate tissue and leukocyte samples from their subjects, suggesting leukocytes as a surrogate marker to monitor the effectiveness of antioxidant interventions.
The concentration of vitamin E remained constant in the first week of standardized diet, whereas we recorded a significant decrease in plasma concentrations during the intervention period. This might be explained by the fact that the standard diet suggested to the subjects was not controlled for vitamin E intake and that volunteers were instructed to eat tomato products together with a specific amount of extra virgin olive oil, which is not a particularly rich source of vitamin E (Visioli & Galli, 2002) . Despite the decrease in plasma, vitamin E concentration in lymphocytes did not decrease during the experimental period. It is possible that intracellular concentration is kept constant by increasing uptake from the blood to ensure antioxidant protection. Alternatively, the experimental period was too short to determine a modification in cellular concentration.
As a consequence of the dietary intervention, an increase in lymphocyte resistance to oxidative damage was observed. In our previous studies, we evaluated the effect of tomato consumption on the protection of lymphocytes from oxidative damage induced by H 2 O 2 , one of the main oxidant species responsible for in vivo oxidative stress (Riso et al, 1999b; Porrini & Riso, 2000; Porrini et al, 2002) . In the present study, we decided to verify whether protection could also be afforded against other damaging species, namely iron ions. In the Fenton reactions, reducing metal ions interact with H 2 O 2 to produce hydroxyl radicals, which are the most reactive oxidant in the chain of free radical reactions that leads to tissue injury (Borg, 1993) . A possible in vivo source of reactive iron may be the small pools of iron in active exchange from ferritin to transferrins or other transport molecules. Pathological conditions, such as local metabolic acidosis or increased superoxide ion flux in post-ischaemic conditions, also contribute to enhanced hydroxyl radical generation (Borg, 1993) .
Challenge with iron ions showed different damaging effect on lipids and DNA. In particular, the degree of DNA damage was lower than that generally produced by H 2 O 2 treatment (Riso et al, 1999a) . This observation may be explained by considering that H 2 O 2 can easily diffuse across cell membranes while iron ions cannot. Further, hydroxyl radicals react so rapidly that they do not diffuse more than a few angstroms from where they are generated (Borg, 1993) . However, many different oxidant species produced by Fenton reactions are able to reach the nucleus. For example, it has been reported that lipid peroxidation products, particularly MDA, can induce DNA damage (Marnett, 1999) .
In the present study, controlled daily intake of tomato products significantly reduced DNA damage that followed treatment with Fe 2 þ , providing further evidence that this type of dietary intervention improves protection from different oxidative species such as H 2 O 2 (Riso et al, 1999b) , NO 2 (Bohm et al, 2001) , UV (Stahl & Sies, 2002) and transition metal ions. Conversely, ex vivo MDA production by lymphocytes from supplemented subjects was not significantly reduced. Because this kind of challenge produced very high amounts of MDA (Figure 4) , we hypothesize that damage to the membrane was stronger than that to the nucleus: enrichment of lymphocytes with antioxidants was not sufficient to protect lipids from oxidation. Furthermore, it should also be noted that a large inter-individual variability in MDA production was recorded following the tomato enrichment (Figure 4) . Only a few studies have reported a protective effect of lycopene and tomato products against lipid peroxidation (Agarwal & Rao, 1998; Upritchard et al, 2000; Visioli et al, 2003) . Klebanov et al (1998) suggested that lycopene was a strong inhibitor of lipid peroxidation in liposomal membranes, as assessed by the inhibition of MDA accumulation. The authors hypothesized that this action is due to an antiradical activity exerted by trapping lipid radicals rather than by its ability to either interact with species such as singlet oxygen or to chelate Fe 2 þ ions.
It should also be mentioned that in a previous report where we analysed different markers of lipid peroxidation, we found a significant effect of tomato consumption in decreasing both copper sulfate-induced LDL oxidation and the urinary excretion of isoprostanes (Visioli et al, 2003) .
Taken together, our data show that in lymphocytes, where lycopene and vitamin C concentrations significantly increased after supplementation with tomato products (with no modification of vitamin E concentrations), an increased protection from DNA damage but not from lipid peroxidation was achieved. These antioxidant compounds are differently distributed in the cells. Lycopene is a highly hydrophobic compound, which should be localized at the membrane level, where it can exert antioxidant activity against radical species. Vitamin E is also concentrated in cell membranes, even if its major site of storage is in the inner mitochondrial membrane (Gohil et al, 1986) . Conversely, vitamin C is water soluble and is present in the cytosolic compartment of the cell, where, among other activities, it is involved in the regeneration of vitamin E radicals formed in the cell membrane during oxidative stress (Evans, 2000) , as evaluated in vitro (Chaudiere & Ferrari-Iliou, 1999; Hamilton et al, 2000) . This synergism has not been clearly demonstrated in vivo, where a mutual interaction of the vitamins as a function of their concentrations appears to take place (Tanaka et al, 1997) . Carotenoids can also play a role in this synergism (Chaudiere & Ferrari-Iliou, 1999) . Among carotenoids, lycopene appears to be the most efficient singlet oxygen quencher (Di Mascio et al, 1989) , disappearing before the others during UV radiation (Ribaya-Mercado et al, 1995) and suggesting that lycopene could act as a 'sparing' compound. This may also explain the great increase in vitamin C concentrations we registered in lymphocytes, which is unlikely due only to the intake of ascorbate with tomato products.
Finally, it should be mentioned that many other different compounds with antioxidant activity co-ingested during supplementation might have played a significant role in the observed protection from oxidative stress. From this point of view, the importance of consuming healthful foods as a whole, rather that pure isolated compounds, is receiving increasing scientific support.
